Objective: To construct a comprehensive picture of the typical chronic rhinosinusitis (CRS) patient in the United States including the demographics, comorbidities, and geographic prevalence. The study will also identify the diagnostic and treatment regimens, their cost, and pattern of use for both medically and surgically managed patients.
INTRODUCTION
The healthcare system in the United States is transitioning away from volume-driven treatment to the quality, outcome-based care necessary to control the runaway costs that currently account for 18% of the GDP. 1 Fully understanding the current state of disease management and the factors contributing to the present situation is essential. This complex analysis requires a precise characterization of the disease process in question; the different therapeutic options currently utilized to treat the problem; the effectiveness and cost of these treatments; and an adequate data set from which to draw conclusions.
The Center for Disease Control (CDC) 2 estimated that 12.1% of the population or 29.4 million people had some form of sinusitis, and an additional 8.2% or 20.1 million people suffered from hay fever or allergic rhinitis, in the United States in 2015. The national expenditure on healthcare services 2015 spending estimate of $3.2 trillion or 18.1% of GDP, with a trajectory towards 25% of the GDP in 2030, is not sustainable. Scientific construction of working disease models to research, by which to determine and promote "best practices," appropriate use, and delivery of true "value" to our patient population, requires that we understand common disease processes and existing therapeutic practices to a depth and breadth that provides us a platform to build upon. Chronic rhinosinusitis (CRS) is such a disease process as it is currently recognized to affect a broad portion of the population in the United States. Estimated prevalence of CRS ranges from 5% to 16%, [3] [4] [5] [6] however it is difficult to determine definitively because of lack of precision in defining and recording this diagnosis. CRS is a disease process that requires long-term management as opposed to an expectation of routine cure. Despite many papers on the subject, there is considerable anecdotal variation in detailing the current diagnostic patterns, medical treatment regimens, surgical management (including postoperative care), cost burden of CRS, and the expected long-term maintenance cost of the disease. [7] [8] [9] [10] [11] [12] The goal of this study is to look further at the prevalence of both ARS and CRS through a large payer database including both commercial and Medicare patients, and to develop a better understanding of the typical patient with CRS and how they are currently being diagnosed and treated. We looked at geographic distribution along with common comorbidities seen with these diseases and attempt to detail diagnostic and treatment regimens and their frequency currently in use. We compared costs of medical management to that of surgical management, both initially and on an ongoing basis. Additionally, we identified patterns of surgical treatment and their costs, both initially and post-operatively. Finally, we will describe the frequency of the acute exacerbations of CRS in those patients treated both medically and surgically. The compilation of these data will help inform payer-related issues, current knowledge gaps, and perhaps more importantly how we can structure our data collection utilizing administrative, clinical, and outcomerelated measures to get to the desired patient result at an affordable cost. This in turn will allow us to recommend opportunities to define an increased "value" using state-of-the-art management of this chronic disease.
METHODS
Data used for the analysis were extracted from the 2010-2012 Truven Health MarketScan Research Databases (2017, Truven Health Analytics Inc.) licensed by and accessed via a collaboration between the American Academy of Otolaryngology-Head and Neck Surgery Foundation (AAO-HNSF) and the National Institute on Deafness and Other Communication Disorders-funded CHEER network. The data contained in our Truven subset included the following: inpatient, outpatient/clinic, and prescription drug claims of employees and dependents covered by a selection of large employers, private, and public health plans, and government and public organizations (Truven, 2017) . The Duke University Health System Institutional Review Board granted the study exemption from further review.
ARS and CRS Case Selection
Using the International Classification of Diseases, ninth revision (ICD-9), patients age 18-64 with at least one ARS (461.x) or CRS (473.x) claim and Medicare patients ≥65 years of age were selected to form the base population. Modeled after the CRS study utilization by Bhattacharyya et al. (2010) , 13 claims-based ICD-9 and current procedural terminology (CPT) code sequences were used to further define the CRS analysis population (Fig. 1) . Three exclusion criteria were also implemented. If any of the CRS records had a concurrent diagnosis of cystic fibrosis (277.00-277.09); acute fungal sinusitis (117.9); and/or Samter's Triad of nasal polyposis (471.0, 471.9), in the first visit of a CRS "episode," then that patient was excluded from the CRS analysis population Medically managed patients meeting the CRS definition in Figure 1 had an initial diagnosis on or after January 1, 2011 to ensure these were both new CRS cases (ie, had a prior minimum 3-month clean period) and to allow for adequate follow-up; they were distinguished from surgically managed patients in that they had no record of undergoing ESS. Surgically managed patients meeting the CRS definition in Figure 1 had to have received surgery between January 1, 2011 and September 30, 2011 in order to allow for prior clean period, a 90-day healing period (October-December 2011), and adequate follow-up time period. Acute exacerbations among medically managed CRS patients were defined as a post-CRS (initial diagnosis of January 2011, or later) Evaluation and Management (E&M) visit associated with a CRS or ARS diagnosis code as well as a prescription of antibiotics within 2 days of the E&M visit. Acute exacerbations among surgically managed CRS patients were defined as a post-endoscopic sinus surgery (ESS) (only considering surgeries occurring during January 1, 2011 through December 31, 2011 to allow for a 90-day healing period and adequate follow-up), E&M visit associated with a CRS or ARS code, as well as a prescription of antibiotics within 2 days of the E&M visit. Only E&M visits occurring at least 90 days after the ESS were considered.
Endoscopic Sinus Surgery Case Selection
Among the CRS patients defined previously, we defined a sub-population of CRS patients who underwent endoscopic sinus surgery (ESS). ESS was defined using procedure codes defined in Figure 1 .
Drug Definition
A combination of MarketScan Therapeutic Classes (THERCLS) and/or in some cases CPT codes was utilized to define drug categories (Table I) .
Financial Analyses
For accurate cost summaries, ARS and CRS claims records were pulled from the inpatient services dataset if the respective ICD-9 code was listed as the primary diagnosis (PDX); for outpatient services, the first diagnosis field was checked (DX1) as there was no PDX field in the outpatient services dataset. The same approach was used for procedures. The cost figures presented in this study represent gross payments made to providers after the submitted charges were reduced by noncovered services and pricing reduction based on contracted fee schedules which varied based on the individual payer.
Statistical Analysis
All analyses were conducted in a descriptive fashion using SAS version 9.4 (Cary, North Carolina). Our intention is to describe the characteristics and treatment patterns of a large sample of patients diagnosed with CRS in a meaningful way such that, for example, patterns might emerge from the data. As our sample size was large (N~300,000), we did not want to rely on P-values to claim support for results of no practical significance.
RESULTS
There were approximately 54 million unique patients 18 years of age and older identified in the MarketScan Commercial Claims and Encounters database from January 1, 2010 through December 31, 2012 representing 48,075,296 commercially insured patients (90.2%) and 5,236,593 Medicare patients (9.8%). Of these, 8,035,265 (14.9%) had at least one ARS-related claim. This represented 93.3% commercial payers (CP) and 6.7% Medicare (MC) beneficiaries. The majority (67.6%) had only one ARS claim, whereas 18.9% had two ARS claims and the remaining 13.5% had three or more claims. The ARS population for CP was 63.9% female and 36.1% male with a mean age of 42. The MC population of ARS patients was 61.3% female and 38.7% male with a mean age of 73. In terms of geographic distribution of CP ARS claims, the South had the highest prevalence (45.5%), followed by the North Central (23.8%), the Northeast (16.8%), and the West (14%). In the MC population, the highest prevalence was also the South (38.3%) followed by North Central (29.5%), West (16.3%), and the Northeast (16%). Otolaryngologists saw only 1.8% of these patients with an ICD-9 coded claim for ARS.
A total of 298,337 (0.6%) unique patients had at least one ICD-9 related claim for CRS as defined in our criteria for inclusion. This was made up of 89.8% in the CP market and 10.2% in the MC population. There was a 59.9% female predominance having a CRS related claim in the commercial market and a 54.6% female predominance having a CRS related claim in the Medicare population. Geographic distribution for CRS showed the prevalence to be highest in the South (36.7% CP, 32.8% MC) followed by the Northeast (23.9% CP, 23.6% MC), the North Central (23.3% CP, 23% MC) and the West (16.1% CPA, 20.7% MC). Otolaryngologists submitted 47.5% of the claims for patients with an ICD-9 diagnosis related claim Documentation of the comorbidities among the 298,337 patients with a CRS-related claim has some limitations in that typical claims contain four or fewer diagnoses. The MarketScan data as displayed in Tables IIIA A-C ranks the comorbidities as follows: allergic rhinitis (43.1%), headache (15.2%), asthma (7.3%), reflux (4.9%), and Chronic Obstructive Pulmonary Disease (COPD) (3%). The frequency of smoking (1.1%) is probably not accurately reflected in that this data, as it is not a commonly used billing diagnosis for either ARS or CRS. In the CP population, the top three comorbidities were allergic rhinitis (≥2 visits, 17.4%), headache (≥2 visits, 4%), and asthma (≥2 visits, 2.8%); versus the top three in the MC population-allergic rhinitis (≥2 visits, 12.9%), followed by COPD (≥1 visit, 5%), and diabetes (≥1 visit, 4.8%) (Table IIIB) . Of patients seen in Otolaryngology, 19 .1% had at least one of the comorbidities assessed, versus 37.7% of patients seen in other specialties (Table IIIC) .
Of the 298,337 unique patients with a CRS-related diagnosis, the majority had at least one diagnostic procedure during the 3-year window of the study. In the group having a procedure, 55.1% had flexible or rigid endoscopy, 23.6% had cultures taken, 82.1% had a CT scan of the sinuses, and 0.2% had an MRI of the sinuses. In those patients who underwent ESS (n = 42,937), with the exception of CT scan, diagnostic testing occurred more frequently-66.3% had a flexible or rigid endoscopy, 31.9% had cultures taken, 90.7% had a CT scan of the sinuses, and 0.3% had a MRI of the sinuses (Table IVA) . The frequency and distribution of the aforementioned tests are detailed in Tables IVB. Of those patients that had procedures, the vast majority of patients only had one (Table IVC) . However, the proportion of patients with two or more of each procedure is as follows: flexible or rigid endoscopy (20.9%), cultures (7.9%), CT scan of the sinuses (15.7%), and MRI (0.01%). Table V presents the patterns of surgical treatment for CRS. 14.4% (42,937/298,337) of CRS patients in the database underwent ESS. These patients were categorized into those that also had septoplasty same day as ESS (n = 21,395) or pre-or post-ESS (n = 1,835), those that did not have septoplasty (n = 19,707) and those who had turbinate surgery same day as ESS (n = 21,562) or pre-or post-ESS (n = 2,306) or those that did not (n = 19,069). In the group of 21,395 that had ESS and septoplasty on same day, 94% had maxillary, 82.1% had ethmoid surgery, 38.8% had frontal surgery, and 28.5% had sphenoid surgery. In those patients having septoplasty on same day, 16.6% had only one sinus operated on, 39.1% had two sinuses operated on, 24.6% had three sinuses operated on, and 18.7% had all four of the sinuses operated on. The patient population that had ESS and no septoplasty had 76.1% that underwent maxillary surgery, 66.6% of the patients undergoing ethmoid surgery, 35% had frontal surgery, and 28.1% had sphenoid surgery. Within this group, 16.2% had one sinus operated on, The denominator is the number of CRS patients (N = 298,337). Comorbidities are tabulated within the 12-week time window that defines inclusion in the claims-based CRS population. Comorbidities are tabulated within the 12-week time window that defines inclusion in the claims-based CRS population.
The "Otolaryngology" and "Other Specialty" groups denote the provider of each CRS patient on the first date of the claims-based criteria satisfied. The "Otolaryngology" group contains patients who may have seen more than one provider (in addition to an Otolaryngologist) on the same day. The "Other Specialty" group contains patients who did not see an Otolaryngologist on the particular date that satisfied the claims-based criteria. A total of 13,434 (4.5%) of patients had missing provider information and are not included in this table.
Comorbidities with multiple visit counts are not mutually exclusive categories. The time frame for these tabulations is January 1, 2010 through December 31, 2012.
*Denominator is the number of patients in the specified group (ie, N = 298,337 and N = 42,937).
30.2% had two sinuses operated on, 21.6% had three sinuses operated on, and 16.1% had all four sinuses operated on. In the group that had ESS and turbinate surgery on same day, 93.6% had maxillary sinus surgery, 81.4% had ethmoid surgery, 39.3% had frontal sinus surgery, and 28.3% had sphenoid sinus surgery. The ESS and turbinate surgery on same day group had 17% undergoing surgery on one sinus, 38.6% having two sinuses done, 24.7% had three sinuses done, and 18.6% had all four sinuses operated on. Balloon Sinus Ostial Dilation (BSOD) (CPT 31295/6/7) was performed in addition to ESS on 5.3% of the patients that had septoplasty on same day and 5.7% of the patients who did not have septoplasty. Polyps were noted in 3.7% of patients having ESS with the septoplasty on same and 65.4% of patients with no septoplasty performed. Surgical pathology specimens were ordered within 10 days of ESS in 79.5% of patients undergoing ESS with septoplasty on same day and 65.7% of those patients undergoing ESS without septoplasty. Cultures were ordered in 9.8% of patients undergoing ESS with septoplasty on same day and 26.9% of patients undergoing ESS without septoplasty.
Costs associated with medical management of the CRS patients who underwent ESS both before and after surgery were also assessed. Costs were documented for the 6 months immediately prior to the procedure, the 45 days immediately following the procedure, and 6 months following the completion of the 45-day postoperative period. We compared the use of antihistamines and combination products, antibiotics, decongestants, antiinflammatory agents (ie, nasal steroids), leukotriene modifiers, and others. All medications in this study were verified by prescription billing. During the years included in this study, the only nasal steroid available OTC was Nasacort (October 2013). Table VI presents the volumes of patients and costs by therapeutic category. The average cost reflects the average cost for patients who filled a prescription in that therapeutic class versus the average cost for that therapeutic class across all CRS patients.
When compared to the pre-op 6-month period, antihistamine use dropped 31.1% in the first postoperative period (0 to 45 days), 54.2% in the second postoperative period (45 to 225 days), and the overall cost dropped 50.9%. Antibiotic usage dropped 17.8% in the first postoperative period, 49.2% in the second, and overall cost dropped 62.9%. Anticholinergic agents dropped 64.7% in postoperative period one, 37.2% in the second period, and overall cost dropped 25.4%. Decongestants dropped 66.5% in the first period, 38.3% in the second period, and overall cost dropped 34.5%. Anti-inflammatory agents (ie, nasal steroids) dropped 48.9% in the first period, 40.7% in the second, and overall cost dropped 36.3%. Adrenals and combination medications dropped 44% in the first postoperative period, 56.8% in the second, and overall cost dropped 20.7%. Finally, leukotriene modifiers dropped 38.6% in the first postoperative period, 14.2% in the second, and overall cost dropped 22.4%. Across all medications, overall cost dropped 34.2% or $3.9 M.
The average cost of the ESS procedures varied by the place of service as follows: • Other (STDPLAC = all other values not listed above), $1,622 (N = 1055).
Table VII describes the subsequent management frequency of visits for patients on medical therapy for CRS. The medically managed patients were quantified based on visits during which an antibiotic was prescribed within 2 days following that appointment and tracked for 6 months. Of the 255,400 unique patients being managed medically, the average number of visits per patient seen for CRS declined by >50% over the 6-month study period from 1.2 visits per patient in month 1 to 0.55 in month 6 (1. Table VIIIA presents the patterns of care in surgically managed CRS patients. Across all procedures (except epistaxis among patients with ≥1 visit), the average number of visits per patient increased in the 6-month period to the procedure and decreased in the 6-month period post-procedure as follows: Nasal endoscopy (0.5 [-6 Table VIIIB presents the patterns of care in the post-ESS surgical cohort. In the nasal endoscopy group 7826 unique patients had postoperative nasal endoscopy in the 6-month postoperative period, or 18.2% of the 42,937 patients who underwent ESS (average of 1.76 per patient). The total number of unique surgically managed patients with a record of undergoing ONLY nasal endoscopy in the postoperative period is 4450 of 42,937 (10.4%) at any time.
There were 11,278 unique patients who underwent debridement in the 6-month postoperative period, or 26.3% of the original ESS group (average of 1.78 per patient). The total number of unique surgically managed patients with a record of undergoing ONLY a debridement is 6320 of 42,937 (14.7%) at any time. Additionally, 25 (0.06%) of the initial 42,937 unique patients had visits to control epistaxis and one of the initial 42,937 unique patients had an unlisted procedure in the 6-month postoperative period.
Finally, we looked at the frequency of acute infectious exacerbations of CRS patients following initial diagnosis of CRS. First, the medically managed CRS patients (n = 255,400) were studied (Tables IXA, IX B ). An acute exacerbation was defined as a post-CRS E&M visit that was associated with a CRS or ARS diagnosis code as well as a prescription of antibiotics within 2 days of the E&M visit. In the second group, we studied surgically managed CRS patients (n = 42,937) (Tables XA, X B). An acute infectious exacerbation of CRS is defined as a post-ESS E&M visit following a ninety-day healing period that was associated with a CRS or ARS diagnosis code as well as a prescription for antibiotics written within 2 days of the E&M visit. In the medically managed group there were a total of 122,417 acute exacerbations among 67,616 (26.5% of those medically managed CRS patients) unique patients. The average per-patient exacerbation was 1.81 (SD = 1.33). A total of 39,056 patients had one exacerbation, 15,490 patients had two exacerbations, 6730 patients had three exacerbations, 3146 had four exacerbations, and 3194 had five or more exacerbations. In the post ESS group, there were 9123 exacerbations among 4971 unique patients (11.6% of the surgically managed patients). The 4971 unique patients that had an exacerbation averaged 1.84 exacerbations (SD = 1.38). A total of 2865 patients had one exacerbation, 1138 patients had two exacerbations, 467 patients had three exacerbations, 233 patients had four exacerbations, and 268 patients had five or more exacerbations during the study period.
DISCUSSION
The Truven Health MarketScan Commercial Claims and Encounters database contained roughly 54 million Indicates the number of unique patients who filled a prescription for the given therapeutic class (or had the given procedure) in the respective time window. These numbers serve as the denominators for each calculation.
Note: All prescription drug records were pulled according to therapeutic class only. No other filtering mechanism was applied. 
unique patients 18 years of age and older who were studied for 3 years which is the equivalent to over 160 million patient years being studied of which 90.2% were commercially insured and 9.8% on Medicare. Our findings in this population indicated that 14.9% of unique patients had a diagnosis of ARS during the three-year study and 0.6% of the unique patients had a diagnosis of CRS. The widely published range 2-4 of prevalence for CRS is 2% to 16%. This study is considerably below the estimates of most prior publications. The designation of CRS in our study is based on diagnostic billing codes after each unique patient had already been seen and a physician-assigned diagnosis established. We also used a very "tight" definition of CRS. This contrasts with national survey and selfreported estimates.
14, 15 We required two CRS diagnosis within 12 weeks of another and an intervening CT scan or nasal endoscopy. These are similar criteria to those used by Bhattacharya. 13 A possible explanation for the decreased prevalence would be the length of time that the revised classification of CRS had been in use. The more specific requirements likely had a progressive adoption period. Previous studies that utilized unselected populations based on administrative data and health surveys typically rely on self-reported diagnoses. This strategy would naturally tend to overestimate patients with CRS.
This may account for the significant differential in the prevalence statistics quoted in the literature. [14] [15] [16] In turn, this influences the cost attributed to CRS on a broad basis and possibly lead to significant overestimation of the cost burden of this disease. Our data confirms the female predominance in both the commercial population and the Medicare population for both ARS and CRS. Patients living in the southern United States were most likely to experience both ARS and CRS followed by those living in the north central portion of the country. This is also consistent with other reports studying the same diseases. 17, 18 Interestingly, only 1.8% of patients with ARS were treated by otolaryngologists. This did not include acute exacerbations of CRS. Otolaryngologists accounted for 47.5% of all patient visits for CRS.
These statistics highlight both opportunity and responsibility for otolaryngology. The clear majority of sinus related disease is taken care of by nonotolaryngologists. As the health system moves toward best practice and best value care paradigms, otolaryngology has a duty to the public as well as their colleagues to lead in the development of data-driven outcome standards of care for both ARS and CRS. This can be done through Clinical Practice Guidelines, appropriate measures development, clinical research projects, advanced data analytics, development of clinical pathways, incorporation of patient reported outcomes measures, identification of true outcome measures and product effectiveness surveillance through expanding data sources such as clinical data registries. The widespread dissemination of the resultant clinical information to all provider groups as well as affected patients.
The most common comorbidities associated with CRS were allergic rhinitis, headache, asthma, reflux, diabetes, and COPD. The inherent limitation in this methodology of collecting information through payment-related databases is that not all related conditions are included in the submitted claims as relevant ICD diagnoses to that particular visit. Unfortunately, we have no alternative way to pull that information out of the claims records in an unselected population. As registries mature and data dictionaries are refined, we will be able to track this data much more accurately. Specifically, in this study it is highly likely that headache, reflux, and smoking are underreported based on the limitations of four diagnoses per claim typical for most payers. However, when looking at CRS and the common respiratory diseases including allergic rhinitis, asthma, and COPD, this patient population demonstrated that 53.4% of the unique CRS patients also had one of the previously mentioned respiratory diseases (allergic rhinitis, asthma, or COPD). Among the unselected population of approximate 54 million unique patients, 23.8% of the patients had one of the respiratory diseases mentioned above. Even with the issue of potential underreporting certain comorbidities, the fact that well over half of these CRS patients had a significant comorbidity relative to the general population is telling and consistent with other publications. 19 The definition of CRS for this study required two CRS diagnoses within 12 weeks of one another with an intervening CT scan or nasal endoscopy with or without septal deviation. Additionally, an initial diagnosis of In that group, 40.9% of the ESS patients had both a CT scan and diagnostic sinus endoscopy prior to surgery. This data demonstrates a consistent pattern of diagnostic testing that is being followed in the preoperative workup of patients with CRS, confirming the condition with diagnostic endoscopy and/or a CT scan of the sinuses prior to a surgical procedure. 20 It is somewhat surprising that roughly one third of the patients undergoing ESS did not have a preoperative sinus endoscopy. However, the standard at the time dictated a CT scan or sinus endoscopy and there was considerable issue with precertifications at the time of the study. Since this study did not access any clinical data, it is also possible some of the endoscopies performed were not billed.
There were 42,937 patients (14.4%) who underwent at least one endoscopic surgical procedure for the treatment of their CRS with or without septoplasty or septoplasty. Most of the patients (83.4%) that had a septoplasty on the same day as ESS had surgery on two or more sinuses (maxillary, ethmoid, sphenoid, frontal). The most common combination was two sinuses and a septoplasty being done at the same time. This is consistent with CRS being a wide-field, regional disease and mirrors recent Medicare billing screens (as propagated in American Medical Association Relative Value Update Committee process) that identified multiple sinus combinations performed together more than 75% of the time together. This screen resulted in four new endoscopic CPT codes based on the frequencies they are performed together. The median age of patients undergoing sinus surgery on one sinus without septoplasty was 49 years old and those having sinus surgery on same day as septoplasty was 42 years old. One other interesting finding in this group of patients involved those with polyps. Patients who did not have a septoplasty were 18 times more likely to have polyps removed than those that had a septoplasty on same day as ESS. Additionally, they were also three times more likely to have cultures ordered. It is unclear as to the causative nature of these findings.
All the patients undergoing ESS were followed for medical management based on prescriptions filled 6 months before surgery, during a 45-day healing phase and for the subsequent 6 months following that. In this study antihistamine use, antibiotic use, anticholinergic agent use, decongestant usage, anti-inflammatories (nasal steroid spray and oral steroids), adrenals and combination medications and leukotriene modifiers all dropped in both the postoperative healing period of 45 days and the subsequent 6 months. The largest declines were seen in adrenals and combination medicine (56.8%), antibiotic usage (49.2%), anti-inflammatory agents (40.7%), decongestants (38.3%), and anticholinergic agents (37.2%). This reflects both the overall volume of patients utilizing these medications. The highest overall cost reductions were antibiotics (62.9%), followed by antihistamines (50.9%) and anti-inflammatory agents (36.3%), yielding a total cost reduction across all drug categories of 34.2% or $3.9 M. These results mirror other studies showing similar reductions. [21] [22] [23] [24] [25] [26] Our look at cost effectiveness is intended to address whether the surgery defrays the additional costs and quality metrics associated with management of disease. Our assessment specifically focused on metrics such as utilization and costs of prescription drug therapies, and office visits. We did not analyze the actual costs of the surgical procedure itself or patient-reported outcomes, both of which fit into the effectiveness equation, but require a longer period economically delineate their value. Admittedly, this follow-up period of 7.5 months is short and no conclusion for longterm trends can be made from this data.
We further studied episodes of acute exacerbation of CRS in both the medically managed and surgically manage patients. 26.5% of those CRS patients managed medically had at least one acute exacerbation requiring antibiotic therapy during the period of study. The average number of exacerbations per unique patient was 1.81 (SD = 1.33). The medically managed seemed to plateau in terms of improvement in the fourth month.
In those patients managed surgically with ESS, only 11.6% of those patients suffered acute exacerbation following the healing period. This group averaged 1.84 (SD = 1.38) exacerbations. An area of continued concern among the various payers has been the utilization of postoperative debridement. The data from this study quantified postop diagnostic endoscopy, debridement and control of epistaxis. Diagnostic nasal endoscopy was performed on 10.4% of the 42,937 patients who underwent ESS, endoscopic debridement was performed on 14.7% of the original group cohort undergoing ESS and an additional 0.06% needed control of epistaxis. Pre-ESS visits increase in the 6 months up until surgery and then decrease in the 6 months post-ESS. This data calls into question personal communications with medical directors of several prominent insurance carriers in the United States indicating that there is a pervasive overutilization of these procedures. Again, the follow-up period for these patients is inadequate to make long-term predictions, but these findings suggest a decreased disease burden for the majority of patients as well as decreased cost. The period for follow-up in this study is also inadequate to determine the economic value (either positive or negative) when factoring in the cost of the procedure. There are multiple elements to be considered when fully evaluating the cost structure and treating sinus disease. [27] [28] [29] These involve care both by otolaryngologists and other healthcare professionals. 30 Information gained from this study will help guide future analysis of CRS from both a cost and quality standpoint.
CONCLUSION
This study has succeeded in presenting a greater characterization of CRS and how it fits in as a chronic disease in the United States. This claims-based study has confirmed some of the previously described demographics of CRS including age, sex, and geographic location. The prevalence of both ARS and particularly CRS in this data set is considerably less than previously published studies representing unselected populations. The most likely explanation lies in the definition of CRS used in our study. This study clearly demonstrates the presence of unified airway disease in CRS. The utilization of various diagnostic testing for CRS appears to be consistent with recommendations and diagnostic criteria established in the literature. The effectiveness of surgical management of CRS is confirmed in the short-term follow-up of 7.5 months both in terms of frequency and cost. The postoperative management regimens are consistent with healing as we understand it. Antibiotic usage, postoperative visits, nasal endoscopy, and debridement show significant decrease in utilization over the healing period of 6 months. This data reinforces the current reasonable utilization of the various treatment tools available for CRS and does not demonstrate the excessive use of endoscopy and debridement as some suggest. Even though this data demonstrates a decreased frequency of visits and cost of medications following ESS, the portion of the "value equation" missing is only obtained through the integration of clinical data including expanded patient reported outcomes through validated instruments. The next step to truly discovering appropriate value is the incorporation of the clinical data from the office, hospital, and ASC settings with administrative data through widespread clinical situations as one sees in Clinical Data Registries. The high percentage of CRS patients with other airway disease would warrant exploration of the creation of "grouper" type bundles for these patients since their outcomes are interrelated with the various individual diseases. 31 Additionally, reviewing the cost data reminds us that we must be diligent in the utilization of costly new technology and account for the costbenefit ratio that each brings. This data confirms the need for widespread educational efforts both in terms of the diagnosis of the disease, but also the "best practice" treatment of sinus disease among the diverse group of providers treating these patients. Finally, this project highlights the need for better standardization of disease definition when that data is used to formulate treatment regimens and calculate costs.
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